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P. E. Refresher - pjr Conditioning

DPefinitions:

Dry Bulb Temperature - The temperatura of a mixture of gasses indicated by
a8n accurate thermomecter.

Wet Bulb Temperature - Temparature at which liquid water, by evaporating into
air, can bring the air to saturaticn adizbatically at the same temperature
Adiabatic Process - No net heat is added to or taken £f£rom a substance or
System undergoing the process. g

Dew Point Temperaturs - Temperature at which condensation will just begin
when the moist air mixture under consideration is cooled at constant mressure
Humidity Ratio or Snmecific Humidity - The mass of watar vapor per unit mass
of dry air in;a vapor-air mixture GRAMS KOS, 2o 4. 7000 grains = 1 pound
Relative Humidity - The ratio of the actual partial pPressure of the water |
vapor in a space to the saturation Pressure of pure water at the same tem- -
perature. ‘

Sensible Heat Load - Heat added or Femoved that changes only the temperature
of the air vapor. mixture. o :
Latent Heat Load - Heat required to evaporate water vapor into or remove
water vapor from the air vapor mixture.

Sensible Heat Ratio - Ratic of the sensible heat load to the total heat load
of the space considered. _

Standard Air - Air with a density of 0.075 1b. per cubic foot. This is
substantially equivalent to dry air at 70°F and 29.92 in.Hg. barometer.
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the chart and draw a line between then:. The resul
this line at the drv bulb calzsulatzd Lelow.

CFM "A" air x D.B. "A" air =

Cr'M Total
CrMY "B" air x D.2, "B" air =
CrFM Total

Sum of numbers = D.B. Mixed Air =

. / | —HIXTURE
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If the three condltlons and the ;otal CFM are given the CFM of each component
can be found by a ratio of the dry bulb temperatures

CFM "A" = Total CFM x A
Le — la
CFM "B" = Total CFM x Lo =TZa
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When conditioned air enters a roo it

t mi:ies
comes into equillibrium with the itgat laal
Supply air is warazd the varica-=
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with the room air and
the room, The cocl
of heat in the room.

The resulting equillibvium teumerdiar: 13 the design condition of
the room.
The sensible heat ratio (%cnsible bnrat @ain) is an index of the

‘ total heat gain 7
type of locad. If the ratio is high it is 2 dry ctype of load
(telephone equipment room). If 1t is low, it is a wet type of lcad
(laundry). To maintain conditions in

on the sensible heat ratio line.

To draw the sensible hesat ratio line thru an
line up the reference point with the calcul
on the scale to the right of the chart,

slope. Now, a line parallel to this onn
will give the true sensible heat ratio 1i
conditions the supply air must be on
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If the dry bulb of the supply conditions is
can be found from the sensible heat zquation
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The total load equation useg the change in e

conditions.

Qroral = 4.5 ¢FM (ha= 1)
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. A certain space is to be air-
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space is to be at 80 dbt and 50% relative humidity.

is to be recirculated through a cooling coil
room air is to by pass the cooling coil to s
humidity requirements of the supply state.

for ventilating air, and assuming that the a

cooling coil is saturated at the coil surface
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_¢00,000

SHR S0 000 = d. 705"
- Qs GO0 0o
CFM = - - - —
1.08( 1y - Le) /l.08(80-65) = 7000 CFM

4.5 ¥ 37000 = /66,500 ~—

i

From Psychrometric chart at pt. C

Specific Humidity = 66.5 grains per 1lb. Dry Air

From Psychrometric Chart tqp 3t pt. B = 52.2°F

Qs _ &O0,000
/08l ~T8) /. C8(80-52.2)

| /b
4.5 X 20,000 = G0,000 — Py

CFM = =29000 CFHM

Al Heﬁ?"(iﬂsilﬂg) IS CEArS/ED 1) Ceve

Air by passed around coil would be:

37,000 - 20,000 = 17,800 CFM




o . A small store has a total heat gain from alil sources,
éXcept outdoor air, of 67,500 Bty per hr. The latent heat portion
of the above is 14,400 Bty per hr. Reguired indeoor air state is

to be 75°F dry bulb and 50% relative humidity. The outdoor air
state is 91°F dry bulb and 75°F wet bulb. 1200 cofm outdoor air .
is supplied to the system and mixed with a part of the recirculated
air. This mixture then passes through an air washer having an
apparatus dew point of 50.5°F, A part cf the recirculated @ir
(by-passad air), mixes with the air leaving the wasnher and the
Tesulting mixture enters the fan which supnlies air to the rocm at
& temperature of 61°F. Neglect energy of the fan. '

&. Determine the tons of refrigeration required.
b. Determine the ¥olume of by-passed air in cfm.
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7;67)500‘- 14,400 = 53f100thu~rsensible

SHR = 53,100 = §.789
67,500

LOAD PesveTs mate] oHEW o ':5
' ; e (Ve a1 77 3
Total heat load from outside air GW%-iS oW ied TT ) '
QRororar =45« CFH«(hg - I”A)

4.5 xj200x(38.3 - 28.1)
4.5 x 1200 = 10, 2

Blw
35,190 2=

Total heat load (room and outdide air)

= 55,100

67,500 -
122,600 %‘Jv
122,600 = 10.2 tons
172,000

Supply Air Required

- Qs

- - I3, 100
108(%4-Ck) .08(75-&/)

= 3,520 ¢FM

Condition "D"
stcre because

air (leaving washer) must remove all heat gain in the
temperature)

the by-pass air cannot do any cooling. (same

= 53,100

CFM (D, air)

= 53,100
1.08 (75 - 50.2)

= 1,980 CrM
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By-passed air = supply air-washer air

3,520

1,540

Another

&l

- 1,880

CrM

method of determining total heat loag (roon and outside

ir) using 1980 CFM for the flow thru the washer, find the

co

]
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tion of the air entering the washer. 1980 CFM - 1200 CcrM

780 CFM of recirculated aiv.

780 X 75 = 29.5

TI530 . .

1200 x 91 = 55.1 mixture dry bulb entering washer. From
1580 84.6

psychrometric chart mixture wet bulb = 70.4. Total heat load
removed by washer:

Qzotal = 4.5 x CFM x (h - hy)

4.5 x 1980 x (34.2 - 20.5)
4.5 x 1980 x 13.7

122,200 Btu
hr.




10,000 cfm of air measured at 35° dry-bulh tempergture and a relative
humidity of 20% enters a pPreheat coil and laay t a dry bulb temperature
©f 50°F The air then enters a heating coil and Teaves at a dry-bulb tem-
perature of 108°F. The air leaves the heatind coil and enters an air
washer using recirculated water whose satursfion efficiency is 90%. The
air leaves the air washer and enters a rehefc coil., The air leaving the
reheat coil is a= 77.5°F dry—bulb(énd S51% fFelative humidity) Steam to the
heating coils is available 5 Psig and saturited. he barometriec pressure
is 29.92 in Hg. The temperature of the contmngate leaving the preheat
coil is 70°F; l2aving the heating coil is 11597; and leaving the reheat
coil is 75%F.

Determine (a) the lbm/hr of steam supplied to the preheat coil
(b) The lbm/hr of steoam supprlied to the heating coil
(c) the lbm/hr of steam supplied to the reheat coil
(d) the gom of make-up water to tha air washer
(&) the dry-bulb temrerature and relative humidity

-

Of air leaving the air washer
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BNl WiGe, LIGO —-a—

Saturation Efficiency = tg - tp
tcl - tl
Where

tp = dry bulb temperature of entering air ©

F

tp = dry bulb temperature of leaving - air ©p

tl = wet bulb temperature of entering air Cp é’m—w«d W@

0.90 = 108 - tp
108 - 61

108 - ty = 0.90 x 47
: - tp = 42.3 - 108
tp = 65.7 %p

i

From RPsychrometric Chart
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NCEEZ Dec., 1968

Heat added to air by preheat coil

4.5 x 10,000 x(12.9 - §.3)
45,000 x 3.6

= ST u
162,000 e

Note: We a;e.assuming ;hat the 10,000 ¢FM is a% standard air
condlthng. If it was meant that the CFM should be strictly
at condition A then CFM to be used would be - :

10,000 x 13.33 = 10,700 CcFM (cf USE AL Fuju))

. 12.48 ],;l L O
(a) 1o /nr of steam supplied th& preheat coil o
Steam enthalpy entering (5 psig = 20 psia) = 1156.30 |
Steam enthalpy leaving (700F) ' 38.04 oo
: . = 1118.26 —==
| e, .
Q =mAh -
o - = 162,000 = 144.9 lbm
N=_0Q 1118.26 ' A
Ah ' ‘

Heat added to air by heating coil

Q'= 4.5 CFM (hp = hy) |

4.5 x 10,000 x (26.8 = 12.9) . h e 7 —32°
777L - :

45,000 x 13.9 : O =4Fa

625,500 B
ar

il

(b) lbp/hr of steam supplied to the heating coil

steam enthalpy entering 1156.30 Z FROM STEAM TRELES

steam enthalpy leaving =  82.93
AT 1/50 247, LIA, = 1073.37 " Btu
ib
Q = mah ' |
wm= G = 625,500 = 582.7 lbp,
P 1073.37 e

Heat added to air by reheat coil

Q = 4.5 CFM (hg - hp)
| 4,5 x-10,000 x (30-27.1)
T = 45,000 x 2.9

= 131,000 Btu/hr

(c) lbm/hr of steam supplied the reheat coil _ -
steam enthalpy entering = 1156.30 Freom <7EA TREUS
steam enthalpy leaving = 43,03
AT 75°SAT. LIG. 1113.27 Btu

-.1b. _

]




m = Q . 131,000 _ 117.67 1b.
ah 1113 27 hre

'(d) The gpm of . ma.ke up watér to the air ;vvasher

Humidity Ratio@ c = ¢ .7"‘“”404

Humidity Ratic@ D = 7 3 jfam-%:pd
AHR, = ¢ 7 yra/'n%pr

Moisture added to .air =45 CEM ¥ a K P
A LA YR

7000
$5x700a3x47
Jooo

= +30 kb

GPM = 230 &
: | w = 9859 :‘L—
40 xa 33j’4/ - A,

(e) From Psychrometric Chart
_Dry Bulb Temp leaving washef 65.7 °F

Relative Humidity leaving washer 78%

-3
4.5 -, AR
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An evaporative condenser serving a 25-ton capacity Freon-lz,;;n%gzated
on the roof of a building. The outside air is 959F db, 76°F wb and the
air leaves the condenser at 85°F db, 95% relative humidity. The com-—
pressor runs with suction conditions of 51.7 psia and 10° of superheat -
and discharges at 120 psia. The condenser nust remove from the refrig-
erant all the heat added in the evaporator and the heat equivalent of

the work done by the compressor. Assuming the actual compressor work
to he 30% more than the isentropic work, determine

{2} the condenser load in Btu/min

Fessoma {B} the required air flow through the condenser in cfm
V17 {c} the gpm of water evaporated by the condense 957 on. MR
, = .
pt:'-‘ (L' al Yo T P s
93°F ] \ B Fo..jr 7 i zal s
/ZO 7 “,'.‘ - l N
/l \ ' 1
7/ | S, T
[ | PA--—l08
M‘F . I/; .556'./‘?3 | I
517 ' o l 1
7 & o
29.22 szis 8l /7@/;/‘4::/;-7- B5 95 PRy &8
Assuming the refrigerant leaves the “condenser as a saturated liquid.
Refrigerant flow thru evaporator )
2z Ha—h, B2 ?5‘-2?.22. 53,73 |
932 ? /mn | . ‘_ . )

Isentrcpxc work of compressor

W= %1 (s - ha) s 6’2?(8?24, g2. ?@
= 92.9% 6.3/ = 5865"“

i ' -7
Actual work of compressor _—-——-2 z.
¢ B AP = 7l

W=/3 x /3entropic work
= 3 xF86
=76/ Bta/ﬂ/‘r{,

{a} condenser Load g
Condenser Load = heat added in evap + actual compressor work
= 25 x 200 + 761 :
= 5,761 Btu
min




¥ o ...

- -(b) Requlred ‘air flow thru condenser

C’F‘H- Qo L 5745 <o
%5(hg-hy) 45 (47.9-39.2)

= 8,850 ¢rpy

fc} gpm of water evaporated by . condenser

R4 = /o:r..m’i_
HR g= /75,2%

Water Fow = 4.5 cim(Hi, -1 7))
700

4SS x Q950 « -5
7ooe

398 %/

= 398 ;/i J

& X Min

= 0. 777 Zal.

}uin,







NCZE April, 187¢

- of 503,000 BTUH ancé a

An 1naus~r1al nu11c1“g has & sensible -

~zat g=
ilatent heat gain of 30,000 BTUE. 000 C7M of fresh air is reguired
for vertilation. The Spaca 1s to be maincainad at 80°F and 50% RE,
ard the supply air is to be at 62° DB. The outside conditions for
deshg“ Te 95° DB and 78° Wxs. Determine tne €N28IgYy reguirements in

Btu per hour.
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Nl AFKIL 1970

R ——————SS

Sensible Heat Galy 3G o000 Btul,
Aclfc;nf' Heat Galn Fo, 000 Btwh
Total Heat Gain €o, 000 Bruf

56451-5{6_ Heat Lateo = SQ 00

=9, 6235
o oco
CFM ozc.Su/a}bfy Air = Qs . Jo,0c0o - J9cc0 =2 570 cr
/.o AZ /[-08(8c-62) ILoExI8
Ff;rc/:;:j mz‘xea( d/‘r‘ Cowc/,.]‘,é»(s (e)

/ddo - 37'0
S 70 ¥ 95 ;

__‘!_6-_’_7.9—)( g0 = 4 8: | ‘ ' .
25.'70 85., ? ‘F DIBC &7[ air e‘-(fer;ui CO(/ CC)
> . . q | -
(aohrj Coet En f‘ka//bj; Cﬁauje. hedf'c'f;xfj c:ea{,;?q iy 3 _/"E%S-
hlf‘lﬁ'l:&y C‘o"’.')//;.ti Co-l[ = 22 %

= /3 8=

M . [ Ah
Ccosz il Ca/bdc"fj T 4. 5xcErxal
4'5-)(2)5-70)( /3 .
/50,200 75;7%—‘- Heat Booved

Re heat Co/f frzf/qa//bj Chqu&

(eaving rekeat coif 24,1 Blx
G&t?‘em“j reheat Co;[ 22.C &‘Ié-L

Ak = 2, B
Y &
=4 5 x 2570 x 2.

= 2% 300 Bin et Added

h
Rekeat Co;f Gaf‘lc‘ffj =4..S"x CEMx

_Ta Vcr;-F EesQ(l‘.s
Oufs:dc ff'{.r- Laa.d;

/700*5;6{& Condtious = 41.4 -3%
h""O*K Cancf[fze’n._s = Jj.2 %
. \ ' - : AR = /0.2 g{z"l“
001‘5.1:. Air Load - 4 x CEM x aly :

) +5, 900 %%
Tata/l C.oclaff Z.c?ac(
Ot side Alr 45, Fo0 5{9"“
Ketceat — _24, 300 =

/5 0 2co Biu._
J Py
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NCEE APRIL 1970
SOLUTION WITHOUT REHEAT

CFM THRU COIL

cFM o= qQ - 50,000
1,084t 1.08(80 = 49)
= 1493 CFM (7a -To)

FINDING MIXED AIR CONDITION

1000 x 95 = 63.8 (;C!)
1293 |

COOLING COIL ENTHALPY CHANGE

Bentering coil (C) 38.1

ieaving coil (D) = 19.3
ah

U

18.8 Btu/lb.

COILING COIL CAPACITY 4.5 x CF¥ x ah

4.5 x 1493 x 18.8

= 126,307 Btu/hr.
To Verify Results

Qutside Air Qr = 45,900 (previous calculation)

Room Qp = 80,000
Total Qp =125,900 SAMIC AS  fErole WK T

2/

———r,
——




 NCEE DEC. 1967

The outside air temperature is 100 degrees F at 15% R.H. It is
desired to cool 1560 CFM to the lowest possible temperature by
evaporative cooling with the R.H. increasing to 60%. How many
pounds of water per minute is required and what is the final tem-
peratura? i

relins

—— — AL - 4
T ~5Z 8.5 =
————— 43 9rems
tc.pA
The sclution is based on 1500 CFM of standard air
(a) Pounds of water per minute '
. _ 45-'3—/& CFM (/'/I?.?_—H"?})
M0 ™ 7000
45X /500 (S5 - 43)
| 7008
_ /b /5.
= 37128 — or O.¢/8 —
hr #1007,

(b} Final temp
769F (from chart)
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PE Review- Air Conditioning

A practical method to establish a Sensible Heat Ratio ( SHR) line on a psychometric chart.
Background: The SHR line indicates the loci of points along which conditioned air must be
delivered to a conditioned space ( in proper quantity) to match the design load and hence produce
the desired room conditions.

SHR= Qsens/Q total = Qsens/( Qsens+Qlatent)

Using simplified approximate equations:

Qsens =1.08* CFM * ATdb

Qlatent =.68* CFM * Aw(grains / Ib)
=4760* CFM * Aw(Ib/ Ib)

~ 1.08* CFM * ATdb
1.08*CFM * ATdb+.68* CFM* Aw

SHR

Rearranging:

_ (1- SHR)*1.08*ATdb
B .68*SHR ( gr/b)

Aw

_ (1-SHR)*1.08*ATdb

(Ib/Tb)

4760 *SHR




Procedure:

1. Plot point A, the known design conditions.

2. For a convenient increment of ATdb ( say 10 or 20 deg), calculate Aw with the known SHR.

3. Calculate conditions for point B:

- Tdb= Tas+ATdb

w=wat+Aw
4. Plot point B

3. Connect points A and B to establish the SHR linc.

Example:

Design conditions: Tdb=78 degF, RH = 50%, SHR=.8

From psych chart : w = 71.5 gr/lb { .01022 Ib/lb)
For:

AT=20deg
(1-.8)*1.08*20
- 68*.8

Aw =79gr/Ib (.001134 Ib/b)

Therefor:

T db =78 +20= 98degF

( 01135 Ib/Ib)
w=T15+79="194gr!lb

bal - . . cm
Since the selected design point is the “bulls eye™ on the Trane Psych chart in this case we
check to see where the SHR line faﬁs on the SHR scale.
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First Law of Thermodynamics (expressed in Btu/lbm)

Q+h,+ V. g _ . h, _._9__
23J+3,J W+ T23J Gad

Omitting Xinetic and Potential Energy Terms

For Compressor (neglecting heat loss)

hA Wx-:-k or Wx"";’)A‘hB

 °" Wx Bh'”*-= (/fl /’l)Etz:.

For Condenser

Q+h =he or Q= he-hy

For Evaporator .

Q-&Iflo‘-:‘hA o Q"—'—I/)A —_14
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If thé refrigérating capacity of the system is known and the

conditions of the refrigerant entering and leaving the evaporator are
known the mass flow rate of the refrigerant is found by

: E ' }7A"}7p

This flow rate is the same for all components of the system. The
condenser heat rejection c¢an be found by ’ : '

o Qug=mlhamhg)

P

i
| i
l i

ressor horse power is found by

" The comp

. &
‘ .

" L 7
W = W (}QA—}')BDtimes appropriate conversion factor

Definiticns:

Degrees of superheat-The number of degrees above saturation temperature.

Degrees of Subcooling-The number of degrees below saturation temperature.
=
PREFSYFE

NS
by |
x

#
ENTHALPY
Fig. 4 Practical Refrigeration.Cycle

Because constant temperature lines are almost vertical in the liquid
region the enthalpy of subcocled refrigerant can be found by using

saturated ligquid enthalpy values. at the refrigerant temperature.
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A Freon-12 vapor cOmpressicn refrigeration system has a compressor
Tt in

of 80 3-adiabatiec efficiency. 2t inlet to the compressor, the

refrigerant is at a Préssure of 3.3 psig and has 40 degrees superheat:
at discharge from the Compressor, the pressure is 100 psia.

Saturated liquid Freon at 100 Psia leaves the condenser and passes
through an expansion valve into the evaporator coils. The condenser
is supplied with cooling watar which enters at 60 degreses P and

which leaves at 70 degrees F. For a Plant capacity of five tons, f£ind:

a. the horsepower required to drive the compressor if it has a
mechanical efficiency of 92%:

" . The regquired capacity in gpm of the cooling water pump.
From Faires: Thermodynamics
Adiabatic Compression Efficiency =

Theoretical Power (isentrooic comprassion)
- Actual 71p4icated - Power
0.60 = Lo~/
hﬁ“'hA

h ‘= ha"/’lé
R + 414
= _95.24-8179
o80T

- B+
' 98,59 715—‘L

5.3 psig = (14.7 + 5.3)psia = 20 psia

PRESSURE
'PSIA

20— —f= = — £

l
i T s - » o
) 26..4 379 9524 9859 EMTHALPY

T e,
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a. Mass flow rate for 5-tons of refrigeration

S x 200 - /1000 5/5. /b

h,q_'-_-/qo.: 8/79 -26. é?- : nin, 02358

' (778 »
M/‘J goxS"S’o

Theoretlcal COmpressor Horsepower
Theor. H.F = m(;,af-;,,q)x00235é |
. 2/8.i5(98.59-81.79) x0.02356
‘=709 HP

Actual Horsepower = THEORETICAL H,P, = 7.719 =780 H.P
EFFICIENCY 2.

H Heat Rejection o; COndenser '
-;K:QCbND 547(5/5 ’ "/7;)
T 21845(98.59-26.64)
=815 xT7). 98

=/, 208 B«
i

By the sensible heat relatlonshlc

Q = ’7)’) C Ai.
!M = Q- 308 _/30 g tb /5.
CGaf /ox/c ez

8.33 #1702

778
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AT

- .. An ammcnia refrigeration unit has an 180-rpm, double-acting
compressor whose cylinder has a diameter of 8 in. with a 10-inch
stroke and whose clearance is 5%, It is desired to calculate the
capacity of the unit in tons of refrigeration at an evaporation
temperature of 12°F and a condensing temperature of 105°F. Assume
that the 12°F vapor is saturated as it enters the compressor. Also

assume that the liquid ammonia is not subcooled at the entrance to
the expansion valve. :

FRESSURE. s
Ps1A ' : %
- R
2289 - — - C /05 \ B
I
=/.31/8;’§%’f.§
' ¢ I
$0.3/ = f - £ /2 : ;
I : 1A
§ : | '
f | SR
L [ { o
el 155" 726.0 A Enﬂa//ej
' , Sre
75,

2

S 3

- e o r

Theoretical Displacement = 2 x ! i’a) X / x 180 =/04.9 1.
- ST min

wxom: AFFLICATION OF THERMODYNAMICS by BERWARD 7 Weoo

Volumetric Efficiency /

7, | + eF-cE( ﬁz_y’_ T eonericar VOURIETIHE EFF.
- | 2 ‘ ; |

CLEARANCE. VOLUME
FIsToN DISFPLACEMENT

where CF=

From Mark's Handbook K for ammonia = 1.29 X = n for this process

Clearance = CF = 0.05

~




. - ~7-
7
’)Z -/+005‘ oos /) 228 .9 .29
- v ) 40,317

L a2 TI5”
L0 - 005 x 7 ¢ 8

T /05—~ 0.05 x 384
/c&é—'—-ﬂ./qé
J0.8585

A

THECRETIC AL

The actual volumetric flow rate is

A
/194.9 Xﬁé’d@ 5’77;5’;

3

The mass flow rate is

'7;7 = nlf_ = ,ﬁ§3‘7 (? .= /2. /5.
e &. 776 S S,

The evaporator capacity is
: Cib = %;; (/ZQA "/%g;>
=12.82(¢l1sT5— /47, /> -

=/2.82 % 45¢. ¢

- 5, 830 BT«
o hd:p7

oo |
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(ﬁCEE April 1971)

A given refrigeration system uses Freon-12 for the working medium and pro-
duces 50,000 Btu/hr cooling with the following operating conditions:

The compressor discharge pressure and temperature are 125 psia and 14OOF,
respectively.

The temperature of the FreOn-leaving the condenser is 90°F,

The pressure and temperature leaving the evaporator are 50 psia and GOOF,
respectively.

(a) If the system has a Positive Displacement constant speed compressor,
and the cooling area conditions are changed to necessitate operation
at a pressure of 35 psia and a temperature of 40° ip the evaporator,
determine (by use of either chart or table values) the expected cool-
ing capacity at the #new condition of operation. Assume that the
temperature o the Freon leaving the condenser and the discharge pressure
leaving the compressor remain unchanged. (®lease use station numbers

as shown on sketch? . St AS 7¢ c CowS7

(o] If the compression process is adiabatic and the/fgge of entropy increase
remains essentially the same during compression, determine by calculations
the C.0.P. for the original condition of operation and for the condition
of operation given in (a) above. ' '

f Qr
CONDENSER,
34 T 42
EXPANS ION ' :
VALVE L>® CCMPRESSOR W/
4-—4-.. —AL-I
‘ EVAPORATOR » 5
.- | _ T ’ ?Eff::ffi =
Q L 7fr ] Gy LY-M6
e T . '
PsilA , C -
| _ '§5‘ - :
© N .
PR @ 7¢ £ . @~ 50,776 s

35 5210,/ 732 A

5O p= = )
@: / | 1}‘-|a.84-.5'831_"-£

" B
Ze,74 &4.60 724 Eg THALPY
&,




mO.SS Flow Rate:

M= Q 30,500 Velume Flow Rate s o
h-hy ~ B4 . 00-28.T¢ ' v fi =m b o‘?/'f—— |
. hr hr /16 :
= 0,000 874 /b, : | = 894 «0,8458
S5 86 hr. . - 3
- : = 73 é%f__f_
FPRES$uRe 70°F r
rart (a) P5A

1285 ---—- 3 — 7% £

the volume flow rate is the same as the initial condition 756 f£3/hr.

ATUALLY CESS TUETO HIGHEE
lass Flow Rate: 79’7 /ﬁ H ) (/ Zcrm SERTIH AWD carless
G 7%
M=156 o 54 /8. | Couin esTrnaTT ST AT
L184 Ar; O

coling ICa'pacity' :

"*\ Qzﬁ“- M%‘é(/’ h«f-_is.

= ¢39(B2.40- Ze. 74)
='¢39.5360

e Boo Btw
) 300 S2=

art (B)

inding rate of entropy inecrease at in:.t:.al cond:.tlons-

S, =0./732 2L 2200776 G
AS=0,00 44—%% .
ate of entropy increase = &3 _@_O_ﬁi 788 x lo -ST Sra

aF /b "R p3i




Final entropy Ifor parc

as

aj

—
-

S.28x 0% 90
53 x 10”2

- Bru
o053 Bre
o S B

- :;11“-4 S
O. 174 + 0.0053
0.179¢ Bfe

/5%

c.0.7, :or initial conditions:

C.0.P. =

C.0.P. for part (A):

c.0.P, =

ok

S+ 60 -28,74

Gt 24— 84,460

82-40— 2'5074.

- 95.97—82.40

RESED 03 COMPE. £FF é%rﬁ»nawmff}

7r, = e "

= O—:D-‘gé :5‘-,78
7 &
/3‘ b’ ’
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REFRIGERATION PROBLEM FROM APRIL, 1969 P. E. EXAM

A packing plant using %&onia as the refrigerant requires 15 tons of
refrigeration at an evaporator pressure of 30 psia, and 20 tons at 18
psia. Each evaporator, by means of its own compressor, discharges to
a common condenser operating at a pressure of 160 psia. The %&onia
leaving the condenser is subcooled to 80 F, after which it passes
through separate expansion valves to the evaporators.

Using an ideal vapor-compression cycle, and assuming saturated vapor
at the inlet of each compressor, find:

(a) The overall horsepower required per ton of refrigeration
(b) The displacement of each comprassor. '

Fressure,
Psia
c IGO/@ICL
E0A 160}
(758 A’ ' g
'Q#Lsoﬁvh. Cb‘”’&““d 30 ‘
- » : ]
]
: 5=/¢B7176
a,
. pl2o7ownsi A ‘_I—B /8 A F A i Lo
&g psial | COMP (ow) =i fi o
. ! 1 | Enthals.
6ots Gkt U39 UZS . -
i&

Low Fressure 55/57‘«3&4__.. N _

Eveporafor . | -
Btu =7 _
. lui: ZZ-{'%' (AA éﬂ)gg‘._
’ . - 4000 . . /‘b-
H4 - h,; - bo46-132 472.6 #7101

Compr -
essor . _
8 ' : _ 3{-«_
Wesn =&, 45‘(404,4; -743.5, =8.+5'x€'/ 3«5’-‘3‘ "7

L 1%

HE = 10T sn x 2.55% x/o';fP_ =276 HP

alled Il




T N - R —_
i Eprm ’G" =

Cri 7eemia

B e b e

- __.._‘D _,,,,T,-._,.QJ,# -
EXR (' )

AL .18 =2l 28T 20 /AT
¥ F =l 252 el 923
343

- 2 ___Jso oo  2.586
R’ /60 PN 2. 52 2SS
e /6 C SO —-275
D jg =2 275
! N \D" 20 - 275

: _'Law Presc SYCTEAT

YL SO

. Qaurp = M aﬂﬁ' "/421

- ————20 %240
4 //‘?'MJ

m = }dé:é‘ 2757 =\
@M@m:m W = yﬁ@w—-ﬁu)

R :‘-_--— = . d (42-20) = 1304

B — Ty ;4—-313(& }r‘//—/P

ey . ——— A ——— . — R R bt ot 5 o ——




.1989 Fundamentals Handbaoge

(ersa)

174 .

P RAUNT Ottty v AT UNY DMLY S Y Sy 0 ALNIOS MY DI IITY SR JHIMLAUDD

MU ARSreanr) S mon L g DINHABONE IHL W0 Tty 3O 1 UINTD  Aa Paahag

(waymg)  AdTVHINT

Fo? ovi 0zt (sTo]1 08 09 ob 0z 0 ow._
< | ESTA I T I of Jof TS \,mm\w_\wl AZ \“.
.. S VO T | -1 A— S Y —_A=AT S Y S /I _o, L F /2 I S
4 uivd a\w%ﬂ N \ 7] B v N
— 3 1 FlN»lﬁ S - H[\lill P \\\ - — —Tf ——— wN.O —
chjwal £0 oj, DA B e 1\!\] (i 4 i/ 1= ——
LTH?R = }N - 7 — AT o T y —
A VLA :NWE fW 7Pl ulmq 195 R s o
V - o - .i’.”“ anl I\Ir\itn |M1|l... = NN I - —— il —_— cfy—ij__ ]
wO.Ohnw\lls\\V'\ \:l H .RH\....._\MI. o — Il__f.hV! o ﬁ.Vu mm - — i\\ \ 3
- HW% [ oy M 7 lNN of_ Y/ W S, S
B0 0 A= M| LTS Lol IS TS AHTT LA AT Ly I .
o1 % kmm\o.i Sle—a” mw\oivﬂmm ==V l-A-A—- — : ]
oL —&— wmummwi oiofﬁHHMWMU‘UM 5 T =1 z /] AAov-=1r—
(o] f —7 E o _—
R % S dared i d
NS S pdn Al G d iy el aCrg 07 /N
1] ’IiXIIII‘IIIHR\Il ] \N'Mh* !N - M\\ S w
7] AT [ g= S rAlacraraIs ezl | |1 | T ] @
2 RO A 2 -
[ 1T 1] I~ 1 s
" e D A e e
o¥ sob=A X IVARNS =u/i = - \ov
S Cair i B e WA i A AT LT 3
ot r‘NM.HmH ,% LA ¥ : - (s A Y <
oot [ J|\|Wu e J\%\M W N 08 oot
: —‘gwklir_.&_mnuu — AT — N
ywal 2 1F z\M g ocl i
] -
] - cl-d_| | |
e AR K o) g
AV N A VA Wi v A4 V\ ! “Hl —t—y— T
N XS e 2amm ] I
R NS T,
A N e il 7 g
cool iy I e 0 - 000}
091 ovl1 0zl 00} 08 09 o¥ 02 0 02-

(waymg)  AdIVHLINT

R T AR N1t T N P Aty st







ML ]
———
r

A refrigeration system is to be designed to produce
a cooling load of 20 tons of refrigeration. The ;
working medium is to be Freon F-12. The pressure ’
in the evaporator js 15 psia_and the temperature o
leaving the evaporator is 20“F, The temperature -

§§7eaving'the compressor is 180°F and the pressure is

+150 psia.  For the simple cycle, the conditions
‘entering the compressor are the same as those
leaving the évaporator. Neglect losses for both
heat transfer and pressure drop in the lines and

(a) The reqﬁired mass rate of Freon flow in
“1bm/min.

‘(b) The required compressor displacement for-
T T a voiumetric‘efficiency of 80%.
" "Give answer in cfm. y

If a regenerative heat exchanger can be used, as
illustrated in the sketch, to increase 3he tem-
perature ‘entering the compresser to 40°F with no
change in conditions leaving the evaporator or
condenser, neglect losses and pressure drop and
find:" . ‘

(c) The new mass rate of Freon flow required
in 1bm/min. '

(d) The new required compressor displacement
at the same 80% volumetric efficiency.
Give answer in cfm.

. Please usé same station numbers as - |
- indicated on the sketch. (

' State reference used for table or chart

values. '
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